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$\frac{\partial’\mathrm{V}}{\partial’\mathrm{t}}+\mathrm{V}\cdot\nabla \mathrm{V}=v\nabla^{2}\mathrm{V}-\frac{1}{\rho 0}\nabla p+g\gamma\theta \mathrm{k}$
$\backslash (2)$
1115 1999 87-100 87
$\frac{\partial\theta}{\partial \mathrm{t}}+\mathrm{V}\cdot\nabla\theta=\kappa\nabla^{2}\theta+/\mathit{3}w$ (3)
V=(uX ,uD . $\theta$ ,
O p , $\mathrm{v},\kappa,\gamma,g$ ,
, , . (2) ,
3 . $P$ $\rho^{-1}=\rho_{\mathit{0}}-1(1+\gamma\theta)$
. (3) , 2 .
$\beta=\Delta T/H$ . $H$ $\Delta T$ .
, $[\mathrm{H}^{2}/\kappa]$ , [Hl ,
[\Delta .
(2) rot 2 ,




$\mathrm{r}=(\chi, )^{)},$ $Z),$ $\mathrm{k}=(k_{x}k_{\}}." ki)$ . $\text{ _{}\mathrm{W}}\mathrm{k}=(W_{k}(t),\Theta_{k}(t),$ $U_{k}(t),$ $V_{k}(t))^{\mathrm{T}}$
, $l\mathrm{V}_{\mathrm{k}}$ ,




. , $q^{2=k^{2}+}x/9^{\mathit{2}}$ , k2=q2+ .
$( \lambda+d^{2})^{2}[\lambda^{2}+(1+\Phi k^{2}\lambda+\infty k^{4}-\frac{q^{\mathit{2}}R}{k^{\mathit{2}}})]=0$ (6)
, 2 \mbox{\boldmath $\lambda$}$=-\sigma k^{2}(<0)$ . 2 ,
(7)
88
, $k^{4}-q^{2}R/k^{2}<0$ , $\lambda_{+}$ , . $\lambda_{+}$
$=0$ , $R=k^{6}/q^{2\text{ }}$ .
$\text{ }u_{\mathrm{z}}$ , $\theta$ .
$\partial$
$\frac{\mathrm{d}}{\dot{\mathrm{r}}Jt}\nabla^{2}u_{z}+cR\nabla_{1\}}\theta-\sigma\nabla u_{z}4+(\mathrm{N}\mathrm{L})=0$ (8)
$. \frac{\partial}{()- t}\theta+li\mathrm{z}^{-}\nabla^{2}\theta+(\mathrm{N}\mathrm{I}_{\lrcorner})=0$ (9)
(NL) . \nabla |2| $=\partial^{2}/\partial X^{2}+\partial^{2}/\partial y^{2}$ .
( $k_{z}=n\pi$ ( $n$ )
. k2$=q^{2}+n$212 . Rc n$=1$




. R<Rc , ,
R>Rc \mbox{\boldmath $\lambda$}+ . $\text{ ^{ }}q2-q_{0}2$
. R \approx Rc $\mathrm{q}^{2}\approx \mathrm{q}_{0^{\text{ }}^{}2}\text{ }$ .
(10a) \mbox{\boldmath $\lambda$}+ –
.
$\frac{\partial w}{\partial t}-\frac{3\pi^{2}\sigma}{2(1+\sigma)}[\frac{R-R_{C}}{3}-3(\frac{\nabla_{||}^{\mathit{2}}+q^{\mathit{2}}0}{k_{0}^{2}})^{2}]w=0$ (11)
, kz=\mbox{\boldmath $\pi$} , $u_{z}(\mathrm{r},\mathrm{t})$ $\theta$ (r,t)
$w(\mathrm{r},t)\text{ _{}w(t}\mathrm{r}_{\mathrm{I}}\},)\sin(\pi Z)$ . ,
z$=0,1$ w ( $\mathrm{r}$,t)=O .
, .
$\frac{\partial w(\eta|,t)}{\partial t}-[_{\epsilon-(\nabla_{||}+}22\rangle 2q\mathrm{o}]w+w^{3}=0$ (12)
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, $\epsilon=3\pi^{4}(R-Rc)/4R_{C}$ . 3
, $\cdot$ . $w$ 3
1 . Swift-Hohenberg 2
4$\rangle$ 5).
2. 2 $\mathrm{S}\mathrm{H}$












$[( \frac{\partial}{\partial f}-\mathrm{v}^{2})(\frac{\partial}{\partial t}-\sigma\nabla^{2}1^{\mathrm{v}+\sigma}2]R\nabla_{\mathrm{I}}|u\mathrm{Z}^{+(\mathrm{N}\mathrm{L})=-\mathrm{v}^{2}f_{\nabla \mathcal{U}}}2-\sigma R\nabla_{||r}\theta$ (14)
, $|\partial/\partial t|<<|(1+\sigma)\nabla|2\text{ }$ , (11)
(14)
$\frac{\partial\nu\nu}{\partial t}-|f_{\mathcal{E}-(1)\{}\mathrm{v}^{2}||+2w++(\mathrm{N}\mathrm{L})=\frac{1}{1+\sigma}(\pi^{2}\tilde{f}\nabla^{2}u-\sigma R\nabla_{1\tilde{f}\theta)}$ (15)
. w(rIl, ws’$n(\pi z)=(\mathrm{v}^{2}||-\pi^{2})^{2}u_{z}\text{ }_{},\tilde{f}(\Gamma||)$ f* $=\tilde{f*}sin(\pi z)$ .
$f(\mathrm{r}_{\mathrm{I}1})$ w3
$\mathrm{S}\mathrm{H}$ .












$w(\mathrm{I}^{\cdot},f)$ $(a=(),\epsilon=0.2 )$ . (a) $t=60$ ,
$([))f\lrcorner-\mathrm{i}0,$ $(\mathrm{c})t=10\mathrm{t}),$ $(\mathfrak{c}1)t=300$ .





2. $t=200$ a $w(\mathrm{r},t)$ (a) $t=100(\bullet)$ $t=2()0(\mathrm{o})$
. $\epsilon=0.8$ – , (a) $a=0.08$ , \alpha ll a .





, $f(\mathrm{r})=a$ ($>0$ ) .
$\frac{\partial w}{\partial t}.-(\epsilon-(\mathrm{v}_{1\mathrm{I}}+1)22\}w+w=3a$ (17)
a $\epsilon$ 2 . ,
3 Runge-Kutta ,
. 1 L=30\mbox{\boldmath $\pi$} 2 , –
$128_{\mathrm{X}}128$ . x,y ,
-0.05 $-O.05$ \Delta g $0001$ .





a . 2 $\epsilon=0.8$ a
0.08 0.18 , t=200 . a
, $a$
( )
. a $\mathrm{a}=0$.18 ,




. $(\mathrm{b})$ $\epsilon=0.2,a=0$ .12 ,
\alpha H , 1 . ,
a
. a<O , ,
, a>0 .
4 $\epsilon=0.8,$ $a=0.24$ .
, – , g4O
,
, $\langle$ . t=100 . a $\geq$





$\epsilon$ (l , –
. 5 $-$ , $a$ $\epsilon$
. $\epsilon$ $a$
. $\epsilon=0.5$ a $=0.27$
, \epsilon a . \epsilon =0
– .
5. $a$ $\epsilon$ } , ,
.







$w( \mathrm{r},t)=w_{0}(f)+\underline{\frac{1}{\gamma}}\sum_{1n}w_{ll},(t)\exp(i\mathrm{k}_{n},.\mathrm{r})+\mathrm{c}.\mathrm{c}$ . (18)
1’\sim $\mathrm{c}.\mathrm{c}$. . 4
. $m=0,1,2,3$ , $rl.l\neq \mathit{0}$ $\mathrm{k}_{1}=(1,\mathrm{o})$ ,





\mbox{\boldmath $\phi$}1 $=\chi$ , ,3 $=(_{X\pm \mathrm{V}}\tau_{\mathcal{Y}})/2$ .










, w22 $=w_{3}^{2}$ . (20) .
(a)
$w_{1}=\nu V_{2^{=}}W_{3^{=}}\mathrm{o}$ , - w0 3 .
$(\epsilon-1)w_{0}-w_{0^{+}}^{3}a=0$ (22)
a\geq O O $\leq\epsilon\leq 1$ WO 1 .
(b)
$w_{0}$ , wm w0 .
$( \frac{7}{3}\epsilon-1)w0-45w_{0}^{3}+a=0$ (23a)





$-(\epsilon+1)w0+5w_{0}+a3=0$ $w_{1}^{2}= \frac{4}{3}\epsilon-4w2$ $(24\mathrm{a},\mathrm{b})$
(d)
$w_{1}=w_{2^{=w_{3}}}$ , .
$w+w_{1}= \frac{\epsilon}{3}\sim 22$ , (25a)
$(a+ \frac{1}{2}w_{1}-\frac{5}{8}w13)+(\frac{2\epsilon}{3}-1-\frac{17}{4}w_{1})^{\sim}2=w\mathrm{o}$ (25b)
, $w\sim=w_{0}+w_{1^{/2}}$ . 0,2 4
. $w_{1}>0$ ( wlw2w3>O)
, $w_{1}<0$ ( wlw2w3<O) .
. , Jacobian $\mathrm{m}_{\mathrm{i}\mathrm{j}},=(\partial w_{\mathrm{i}^{/\partial w_{\mathrm{j}}}})$ .
m , .
6 4 . – $\epsilon=0.5$ $a$ $w_{\mathrm{i}}$
$(\mathrm{i}=0,1,2,3)$ .













6. (20) ( ) $\epsilon$
$=0$ 5 , $a$ $=0..3$ )
, $w_{\mathrm{i}}$



















w(r, $t$)$]=- \frac{\epsilon}{2}w+2\frac{1}{2}((\nabla^{2}+1)w)24+\frac{1}{4}w-aw$ (26)
(17) .
$\frac{\partial \mathrm{v}\nu}{\partial t}=-\frac{\delta g[\wedge\nu \mathcal{V}]}{\delta w}$ (27)
v(r)
$\int_{-\infty}^{\infty}\mathcal{V}(\mathrm{r}\frac{6\acute{\grave{g}}[w]}{6w}\mathrm{d}\mathrm{r}=\mathrm{I}\lim_{uarrow 0}\frac{\partial}{\partial\mu}\int^{\infty}arrow \mathrm{d}\mathrm{g}_{w+}\mu v)\Gamma$ (28)
. Lyapunov
.
$G(t)= \int g\tau w(\mathrm{r},f)]\mathrm{d}\Gamma$
















8. (20) . LyapunOV















with $\square$ no soluhon












J(X, $.\}’$ ) $=A(1/2-12y/L-1\})$ . y=L/2 A/2,
y $=0$ y =L -A/2 . , m,
$n$ $w(x+\prime llL,.\}|+nL)=\nu \mathcal{V}(x,y)$ . , + $[]\mathrm{s}$ ,
, - . 10 $\epsilon=0.6$ ,



















. , $200(1\mathrm{n}\mathrm{m})_{\cross}$100(1nm) ,











(1) $\mathrm{S}\mathrm{H}$ – , ,
. $\mathrm{S}\mathrm{H}$
.
(2) a( ) $\epsilon$ (Rayleigh
) – . –
, $w(\Gamma)$ ,
(29) G .
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